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(as when getting diagnosed with a severe disease),  
and whose only hope is 
to keep on fighting. 
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ABSTRACT 
BACKGROUND People with Parkinson’s Disease (PD) experience increasing activity 
limitations in walking, carrying objects, turning around, and dressing. Subtle and often 
unconscious balance decline may have occurred already at an early stage, even when first 
diagnosed. At present, no medical treatment can ease the progressive balance impairment. 
Instead, physical training has become a means to remain physically active and mobile for as 
long as possible. 
 
AIM The overall aim of this thesis was to evaluate if our hypotheses, the training approach 
of ‘Somatosensory Focused Balance Training without Cues’, can be effective in supporting 
people with PD at an early stage (early PD) to maintain their balance ability, so that they can 
remain physically active, move and walk independently, for as long as possible. 
 
METHODS At first, the BDL Balance Scale, a clinical balance assessment, was validated 
for use in people with early PD. Thereafter, to investigate the effect of ‘Somatosensory 
Focused Balance Training without Cues’, people with early PD (n=28) were randomised into 
two training groups and tested by a blinded assessor before and after the intervention. The 
training was evaluated with clinical outcomes, laboratory movement outcomes and the result 
was compared to healthy age-matched controls (n=18). Furthermore, to acquire knowledge of 
how people with early PD perceived the intervention, an interview study using 
content analysis was performed. 
 
RESULTS The BDL Balance Scale was found to be valid for use in early PD. It correlated 
to similar scales and could detect a difference between early PD and healthy controls. The 
training approach improved balance in the studies population, measured with clinical and 
movement laboratory outcomes, as well as by participant perceptions. The interviews 
provided important information on how the group contributed to greater motivation for 
training and offered a platform for making new friends. 
 
CONCLUSION The ‘Somatosensory Focused Balance Training without Cues’ improves 
balance in early PD. Notably, the training context is particularly important considering that it 
can increase the motivation and compliance to the training. In order to understand the 
underlying mechanisms for the improved balance, further research is needed. 
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SAMMANFATTNING 
 
BAKGRUND Parkinsons sjukdom leder till successivt tilltagande motoriska svårigheter 
som till exempel att gå, kunna bära saker, kunna vända runt och att klä på sig. Redan när 
diagnosen ges, och i ett tidigt skede förekommer en subtil, ofta omedveten balansnedsättning. 
För närvarande finns det ingen medicinsk behandling som kan motverka påverkan på 
balansen. Istället har träning blivit ett medel att försöka bibehålla sin aktivitetsförmåga. 
SYFTE Det övergripande syftet med detta projekt var att utvärdera om vår träningshypotes 
"Somatosensory Focused Balance Training without Cues" är en effektiv metod för att stötta 
personer med Parkinsons sjukdom i tidigt skede (tidig Parkinson) att bibehålla sin 
balansförmåga, så att de kan förbli fysiskt aktiva samt gå och röra sig självständigt så länge 
som möjligt. 
METOD För att kunna utvärdera balansförmågan vid tidig Parkinson validerade vi BDL 
Balansskala, ett kliniskt test. Därefter, för att utvärdera effekten av "Somatosensory Focused 
Balance Training without Cues", lottades personer med tidig Parkinson (n = 28) till två 
träningsgrupper. Träningen utvärderades med kliniska test och laboratoriebaserad 
rörelseanalys, dessutom jämfördes resultaten mot friska åldersmatchade deltagare (n = 18). 
För att få kunskap om hur deltagarna själva upplevde träningen gjordes också en 
intervjustudie med innehållsanalys som metod. 
RESULTAT För personer med tidig Parkinson visade sig BDL Balansskala vara ett valitt 
test att använda. Skalan korrelerade med liknande balansskalor och kunde detektera en 
skillnad mellan deltagarna med tidig Parkinson och de friska deltagarna. Vår träningsmetod 
"Somatosensory Focused Balance Training without Cues" förbättrade balansen hos 
deltagarna med tidig Parkinson utvärderat med kliniska test och rörelseanalys. Detta 
bekräftades också av deltagarnas egna berättelser i intervjustudien. De gav dessutom viktig 
information om träningens upplägg, som att gruppträning gav ökad motivation till att träna 
och dessutom bidrog till nya vänskapsrelationer. 
SLUTSATS "Somatosensory Focused Balance Training without Cues" förbättrar balansen 
hos personer med Parkinsons sjukdom i tidigt skede. Träningskontexten är särskilt viktig att 
beakta eftersom den kan bidra till ökad motivation och bättre följsamhet till träning. För att 
förstå de underliggande mekanismerna till att balansen förbättrades av träningen behöver 
ytterligare forskning göras. 
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PROLOGUE* 
 
 
 
 
“I have lived with Parkinson for many years now”, she said. 
“So many times that I have wished for a cure … 
I still dream about walking like a normal person again”. 
 
She continued: 
“Now I have accepted Parkinson as my companion, 
telling me when and how to do things. 
I can no longer decide all by myself, I have to remember to ask ‘Mr Parkinson’; 
“- Will you please let me walk straight and lift my legs properly, 
 so that I won’t draw attention to myself?” 
“- And please see to that my hands won’t start to shake at the restaurant!!!” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*These are personal memories from meetings in the clinic over the years 
(…more to come) 
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1 INTRODUCTION 
The focus of this thesis was the search to find an effective balance training method to 
improve the balance ability of people with Parkinson’s Disease (PD) by exercise. 
1.1 CONCEPTUAL FRAMEWORK 
The International Classification of Functioning, Disability and Health (ICF) 1, 2 is used in the 
thesis (Figure 1) in order to provide a standardised terminology and classification of the 
consequences of PD. The ICF conceptualises functioning and disability in the context of 
health as a “dynamic interaction between a person’s health condition, environmental factors 
and personal factors”. 
 
Figure 1. The model of the International Classification of Functioning, Disability and Health 
(ICF). 
1.2 PARKINSON’S DISEASE 
People with PD are found worldwide and it is the second most common neurodegenerative 
disorder, affecting approximately 1.5 percent of the population in Europe, with an increasing 
prevalence with older age 3. Much remains to be understood about its causes and underlying 
pathology. Many researchers believe that PD emerge due to an interaction between genetic 
and environmental factors that leads to the progressive degeneration of neurons of the brain 3. 
Primarily, PD is regarded as a hypo-dopaminergic disease, with symptoms mostly due to loss 
of dopamine producing neurons in the substantia nigra, a part of the basal ganglia 4. 
The disease is characterised by various motor and non-motor symptoms with a progressive 
impairment in different components of function. The motor manifestations comprise the 
cardinal symptoms; bradykinesia, rigidity, tremor, and postural instability (impaired balance). 
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Non-motor manifestations include autonomic disturbances, sleep disturbances, cognitive 
decline and a range of neuropsychiatric expressions. The diagnosis of PD is made from the 
clinical manifestation of bradykinesia together with one of the other cardinal symptoms, 
usually tremor or rigidity 5. 
For people diagnosed with PD, medical treatments can only partially ease their symptoms. 
Even with an optimal health care management, people with PD experience a progressive 
decline in their autonomy and an increasing disability in gait, balance, and posture. At 
present, therapeutics available for people with PD, offer only symptomatic relief, and there 
are no known medications to prevent its onset, or to slow down or freeze the disease 
progression 6. At early stage, medication is a powerful tool for easing the symptoms. 
However, motor fluctuations related to time since medicine intake are common, especially 
after long term medication 7. 
Raggi et al. 8 have described function in people with PD at an outpatient clinic using the ICF. 
The most frequent self-reported limitations on activity and participation were in the activity 
areas, namely walking (94%), lifting and carrying objects (92%), and dressing (91%). They 
found that the limitations were mainly caused by the impairments in body function and not to 
any greater extent influenced by environmental or personal factors. 
Recent studies have shown that people with PD who self-reported regular exercise of more 
than 2.5 hours/week after the disease onset had a slower decline in function compared to 
those who exercised less 9. 
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1.3 MEASURING DISEASE SEVERITY 
Disease severity is usually classified in the clinics by the Hoehn & Yahr Scale (H&Y) 10 and 
the Unified Parkinson´s Disease Rating Scale (UPDRS) 11. 
1.3.1 Hoehn & Yahr Staging Scale 
The H&Y scale offers a quick and easy screening test for Parkinson’s disease severity, based 
on motor function only. The scale ranges from no signs of disease, stage 0, to wheelchair 
bound or bedridden, stage 5 (Figure 2). Stages 1˗2 correspond to one-sided, and mild bilateral 
symptoms without balance impairment, respectively. Stage 3 is used when people are still 
physically independent, but balance impairment is identified (judged by the recovery on the 
pull test 12). Stage 4 classifies persons with severe symptoms, but who are still able to walk or 
stand unassisted. In this thesis we used the modified H&Y scale that includes 
0.5 increments 13. The thesis pertains to people with idiopathic PD at an early stage (early 
PD), defined as H&Y < 3 5, 14. 
 
Figure 2. The Hoehn & Yahr scale classifying different stages of Parkinson’s Disease. 
The blue shirted man in stage 3, shows the dividing point of when the pull test becomes 
positive. Illustrated by I Claesson. 
1.3.2 Unified Parkinson´s Disease Rating Scale  
Compared to H&Y, the UPDRS is a more detailed examination of the disease severity. This 
has become the gold standard for clinical evaluation of impairment in PD. Assessments 
include the following areas:  
I. Mentation, behaviour and mood  
II. Activities of daily living  
III. Motor examination (mUPDRS)  
IV. Complications of therapy 
The mUPDRS was used in our studies in addition to the H&Y. Here, the assessor screens for 
motor symptoms (tremor, coordination, posture etc.) with a maximum severity of 108 points. 
Postural instability can influence the result by a maximum of eight points (if the gait item is 
included). The postural stability item is judged based on recovery on the pull test, as in H&Y. 
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“What about your balance?”, I asked. 
“There is nothing wrong with my balance!”, she answered indignantly. 
“I remember you telling me that you fell….?”, I continued. 
“Well, that had nothing to do with Parkinson! 
It was just because it was slippery outside!” 
I replied; 
“Didn’t you tell me that you had stopped biking and jogging, why is that? 
And that you need to sit down when putting on your socks and trousers?”. 
“Hmmm….” She gave me a pensive look. 
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1.4 BALANCE 
The term balance control can be described as keeping control over the body while changing 
body position (as in walking or in body transfers) or while maintaining body position (as in 
sitting and standing). It is imperative to have control of your body Centre of Mass (CoM) in 
order to perform activities in daily life 15. When growing old, balance ability declines, even if 
healthy 15. 
Balance and postural stability are obtained from a complex neuro-motor integrative system 
where both sensory, motor and cognitive functions are involved, and they relate to our body’s 
orientation in space and the environment 16, as described in Figure 3. The input and feedback 
via our sensory system (somatosensory, vestibular and visual) adjusts the final motor 
adjustment. 
 
Figure 3. Balance organisation model. The interplay between components involved for 
balance control in healthy people standing on a firm surface. Illustrated by I Claesson. 
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1.4.1 Balance in Parkinson’s Disease 
All or some of the balance components described in Figure 3 may be dysfunctional in people 
with PD, rendering balance impairment a severely disabling factor 17. For example, muscular 
rigidity reduces the biomechanical capacity, bradykinesia affects how to adjust oneself 
according to the environment, and the cognitive processing (primarily in the later stages of 
PD) impairs dual task performance, like, for example, walking while talking. Even when PD 
is first diagnosed, subtle balance problems can be measured, such as increased postural sway 
and slowed turning 18. Over time, the severity of balance problems increase. The present 
thesis concentrates on the sensory information system, which has been proven to be impaired 
already in early PD 19. 
1.4.2 Sensory System in Balance Control 
The sensory system receives all the information needed for balance control from the body and 
the environment (Figure 3). It is used to initiate, supervise and monitor ongoing movements. 
There are three subsystems; i) the somatosensory (tactile and proprioceptive), ii) the 
vestibular, and iii) the visual. 
Feedback from the three sensory subsystems are integrated so as to generate a corrective 
movement response by activating our muscles. On a firm surface, healthy people normally 
rely approximately to 70 percent on somatosensory information, to 20 percent on vestibular 
information and to 10 percent on visual information (Figure 3) 20. Specifically, a 
dysfunctional integration of proprioception has been proposed to play a major role in the 
pathophysiology of balance disorders in PD 21, 22. 
1.4.2.1 The somatosensory subsystem for balance 
The somatosensory subsystem (tactile and proprioception) is used for body adjustments when 
moving. Abnormalities in proprioception manifests as deficits in kinaesthesia, which is the 
conscious awareness of limb and body position, motion and orientation in space. 
Of all the subsystems of sensory information, the proprioceptive information has the shortest 
time delay before onset. The monosynaptic pathways can process information as quickly as 
40–50 ms, and, therefore, proprioception forms the major contributor of sensory information 
for balance in healthy people 23. 
If somatosensory information is unavailable or ambiguous, a process of reweighting reliance 
towards the visual or vestibular subsystems occur 24. As mentioned earlier, when standing on 
a solid surface with eyes open, somatosensory input is said to supply approximately 
70 percent of the balance sensory information, but when standing on an unstable surface with 
eyes closed, vestibular input becomes the main provider of information 23. In PD, the 
impaired integration of the somatosensory information for balance control is said to result in 
a reweighting and overreliance on the visual input 25, 26. 
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1.4.2.2 Somatosensory subsystem in Parkinson’s Disease 
Already in 1998, Rossini et al. 27 investigated the proprioception in PD by looking at the 
responsiveness to sensory stimuli, and tested with electrical somatosensory evoked potentials 
from the frontal scalp. They showed that people with PD, even at the early stages of the 
disease, had severely depressed responsiveness to these somatosensory stimuli. 
This was further investigated by Adamovitch et al. 28 who established that subjects with PD 
had particularly difficult in performing an unfamiliar task that required integration between 
sensory subsystems in order to acquire the target. In particular, they had difficulties in 
accurately pointing with an unseen limb to a steadily illuminated target in the dark, a task that 
could easily be performed with the use of the visual and proprioceptive input in combination. 
Furthermore, Keijsers et al. 29 repeated a similar study in which people had to point to a 
remembered visual target with and without visual feedback. Their study indicated the 
existence of a proprioceptive information-processing deficit in PD, and concluded that it had 
developed even at an early stage of the disease. 
Moreover, people with PD have difficulty in perceiving small changes in surface 
inclination 19. For example, Vaugoyeau et al. 30 found that PD subjects standing on a slowly 
tilting platform with their eyes shut could better control their body CoM if they at the same 
time had a vibration stimulus, reinforcing proprioceptive information, on the ankle muscles. 
They also hypothesised that the flexed posture in PD (stooped posture, pisa-syndrome or 
camptocormia), is at least partly associated with the sensorimotor integration impairment in 
PD. This is in line with the findings of Zia et al. 31 who also concluded that the proprioceptive 
impairment might contribute to the problems with posture encountered in PD. For this reason, 
additional analysis of the effect from “Somatosensory Focused Balance Training without 
Cues” on posture, will be presented exclusively in this thesis (the heading 4.2.1.1). 
In summary, the somatosensory deficit leads to difficulties integrating the somatosensory 
feedback with visual feedback, as earlier described, in, for example, reaching for a visible 
object without eye vision of the arm or standing on a tilting board. Such impairments increase 
the dependence on visual cues during movements 32. Consequently, this deficit seems to 
result in an overreliance of the visual input when moving in people with PD 26. 
1.4.3 The Control of Body Centre of Mass 
Maintaining balance involves keeping control of your body CoM, based on the information 
from the sensory system. The better your balance control, the better you can act and adjust to 
changes in the base of support while moving, standing, transferring, or balancing on a steady 
or moving base of support. The balancing challenge differs according to whether you are in a 
stationary or a moving situation. 
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1.4.3.1 Static and Dynamic Balance 
Static balance is the ability to maintain the CoM over the base of support when being still, as 
in standing or sitting down. Even when standing still there is a postural sway, an ongoing 
work in keeping the body CoM within your base of support. 
Dynamic balance is the ability to control the transition of body CoM while you are in motion, 
as in getting up from a chair, walking, dancing, etc. According to Ashburn et al. 33 the most 
common activity conducted when falling in people with PD is walking. 
1.4.3.2 Stability Limits and Centre of Pressure 
Maintaining an upright stance requires control of the momentum and the position of the CoM 
over the base of support. Balancing strategies can either be anticipatory (planned adjustment 
like stepping gently over an icy spot) or reactive (reaction to perturbation), and may lead 
either to a fixed-support or to a change-in-support response. The ‘Stability Limits’ denote the 
maximum range in which the CoM can be moved without a change in the base of support. 
People with PD have reduced stability limits compared to healthy people 34. 
When standing, all forces acting between the feet and the ground can be summoned to yield a 
single ground reaction force vector and a torque. The point of application of the ground 
reaction force is the Centre of Pressure (CoP). A person’s stance stability/flexibility may be 
quantitatively assessed through measurements of the trajectory of the CoP 35, used in this 
thesis Study III. 
1.4.4 Measuring balance in PD 
Clinical tests of balance can assess different components of the balance. Health professionals 
should be aware of what component is measured. To our knowledge, there is no gold 
standard for measuring balance in PD. 
The recommended clinical measures of postural stability and balance in PD are often 
developed for use in the more severe balance problems that appear at the later stages of the 
disease. It is not clear whether these tests can be used to detect postural instability at the early 
stages. Many of the recommended gait and balance tests for PD reach a ceiling effect when 
used in early PD 14. 
The outcome measures for evaluating balance performance in PD, recommended in the 
‘European Physiotherapy Guideline for Parkinson’s Disease’ 14 are; ‘Modified Parkinson 
Activity Scale’, ‘Timed Up & Go’ (TuG), ‘Mini-BESTest’, ‘Dynamic Gait Index’, 
‘Functional Gait Assessment’ (FGA), ‘Berg Balance Scale’ (BBS), ‘Five Times Sit to Stand 
Test’ (FTST) and the ‘Push and Release Test’. The tests can be disputed as being tests solely 
of balance, since they are also influenced by other factors such as strength (FTST) and gait 
(FGA, TuG) or limited to one interacting part of the balance components like the ‘Push and 
Release Test’, a test of the reaction to a perturbation. Also, many of the tests have a well-
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documented ceiling effect when used for people with minor to moderate balance disorders 14, 
36, 37, as shown for the BBS in Figure 4. 
 
 
Figure 4. Boxplots (medians and interquartile range) showing result from early PD (n=14) 
and matched controls (n=14) performing the 10 m walk test (10 m), the Timed Up and Go 
test (TuG), the Timed Up and Go-cognition (TuG-cog), and the Berg Balance Scale (BBS). 
Data analysis from participants included in the thesis. 
n.s. = non-significant, p>0.05. 
 
At the start of the work with this thesis, we compared the result from some of the most 
frequently used clinical outcome measures, between people with early PD and age- and 
sex-matched controls (Figure 4 and Table 1). The measures used could not reveal any 
significant difference between early PD and controls, indicating that these outcome measures 
are not sensitive enough to detect balance problems for this population. Consequently, a more 
challenging test was needed for use in balance evaluation of people with early PD 37-39. This 
led to the validation of the BDL balance scale in the Study I. 
Table 1. Non-parametric statistics between early PD and age- and sex-matched controls 
performing clinical balance assessment tests. The table is based on the participants included 
in the thesis. 
TEST 
Controls (n=14)/ 
early PD (n=14)* 
Berg Balance Scale p=0.21 
Eight of Balance p=0.08 
10 m walk p=0.11 
Timed Up and Go p=0.43 
Timed Up and Go-cog p=0.80 
*Mann Whitney U test, 
p<0.05  
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1.4.5 Neuroplasticity 
Neuroplasticity is defined as the ability of the brain to undergo structural and functional 
change in response to new experiences as for example exercise 40. It has been demonstrated in 
humans with different techniques, for example measuring the regulation of the brain-derived 
neurotrophic factor (BDNF) or with functional Magnetic Resonance Imaging (fMRI) 
(measuring changes in activation and recruitment of brain areas involved in movement) 41. 
The brain’s ability to adapt has allowed humans to specialise in specific motor skills based on 
relative use and activity. For example, a right-handed person may perform a movement 
poorly with their left hand, but continuous practice with the non-dominant hand can make it 
just as able. Another example is people without hands who are capable of retrieving much of 
their lost function by practicing and “rewiring” the brain in order to incorporate lost hand 
abilities by using their feet 42-44. 
That structural neuroplasticity can arise also in elderly people, was shown by 
Draganski et al. 45. They divided a homogeneous group, more than 60 years of age, into two 
gender-matched groups: training and control. Both groups were inexperienced in terms of 
juggling. The training group was given three months to learn classic three-ball cascade 
juggling. In the results they found training-induced grey matter increase within the brain. 
Similarly, Boyke et al. 46 found that plasticity of the human brain is preserved even in later 
years, and their data support conclusions about exercise for elderly people with the purpose to 
‘train the brain’ in order to avoid ‘draining of brain’. 
Gauthier et al. 47 evaluated whether evidence could be found for structural brain changes due 
to training. People with chronic stroke symptoms were assigned to constraint-induced 
movement therapy and structural Magnetic Resonance Imaging (MRI) scans were performed 
immediately before and after therapy. The group exhibited great improvement in using the 
more affected arm in daily life activities in parallel with structural brain changes. Their 
findings suggest that in chronic stroke, structural remodelling of the human brain was 
facilitated by constraint-induced movement therapy, a condition once thought to be refractory 
to treatment 47. 
Will structural brain alterations be promoted in PD by motor training and motor learning? 
Although, this mystery remains unanswered, the findings described in healthy elderly people 
and in people with chronic stroke symptoms provide compelling evidence that all human 
brains undergo morphological alterations in response to learning and/or rehabilitation, and 
evidence is growing in studies of people with PD as well 48, 49. 
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1.5 PHYSIOTHERAPY IN PARKINSON’S DISEASE 
Physiotherapy interventions are considerably varied when it comes to PD. Interventions focus 
on mobility, transfers, posture, upper limb function, balance, gait, and physical capacity. The 
therapist uses exercises added with cueing strategies and cognitive movement strategies in 
order to maintain or increase independence, safety, and quality of life. The sensory cueing 
strategies, e.g. auditory, tactile, and visual, are often used to help movement initiation and 
walking 14, 50. 
The ‘European Physiotherapy Guideline for Parkinson’s disease’ 14 recommends and have 
found strong evidence for: 
- Conventional physiotherapy to improve walking speed, muscle strength and movement 
functions 
- Treadmill training to improve walking speed and stride length 
- Tai-chi to improve movement functions 
- Cueing for gait (auditory or visual) to improve gait speed 
- Movement strategies for complex motor sequences to improve functional mobility 
According to the guidelines, there is yet no intervention showing strong evidence of 
improved balance in PD although evidence of a weak positive effect on balance was 
established for the interventions mentioned 14. Consequently, there is no recommended 
optimal approach for improving balance in PD. To establish the best practice for improving 
balance in PD is not yet possible. However, earlier research definitely favours exercise 
compared to no exercise 51-53. Recent studies of highly challenging balance exercise, dancing 
exercise and tai chi show promising results 54-60. 
A future challenge is to design and support appropriate interventions within the social and 
health care sector to maintain activity and participation skills for this population during 
disease progression for as long as possible. 
1.6 PARADIGM 
Recent research indicates the presence of neuroplasticity changes in chronic neurological 
disorders. An emerging body of evidence suggests that exercise can trigger several 
neuroplasticity changes in the human PD brain 49, 61. This thesis is based on the hypothesis 
that such changes are possible for people with idiopathic early Parkinson´s disease. 
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1.7 RATIONALE 
Research suggests that the movement disorder in PD is associated with a deficient integration 
of somatosensory information used to construct the internal representation of the body 
position and motion in space, leading to an impaired balance control. Since information from 
the balance somatosensory subsystem in PD is said to be affected even at an early stage of the 
disease, and reweighted towards the visual subsystem, the following questions arose: 
In light of the growing evidence for neuroplasticity changes by exercise in PD 49, 61, can the 
integration of balance somatosensory subsystem be reinforced and improved by targeted 
exercises? 
The cueing strategies used for people with PD, most often visual or auditory, do they not 
reinforce the constraint use of somatosensory input, and are they, therefore, 
counterproductive? 
 
1.8 RESEARCH QUESTION 
 
Does our hypothesis-based training approach, the ‘Somatosensory Focused 
Balance training without Cues’ (that imposes the use of somatosensory 
integration for balance control), improve balance and movement in people with 
early Parkinson? 
 
? 
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2 AIMS 
2.1 LONG TERM GOAL AND OVERALL AIM 
The long term goal of this thesis was to find an effective balance training method for people 
with early PD, so that they can remain physically active and independent for as long as 
possible. We therefore strived to expand the knowledge of how to improve their balance, and 
particularly in association with voluntary movement and gait. Our means to realise this was 
through exercise. 
Our exercise hypothesis, to be evaluated in the thesis, was based on the idea of giving 
focused input to the presumed affected system in order to induce neuroplasticity. This was 
inspired by the idea of constraint induced therapy in stroke. Consequently, a physiotherapy 
intervention, targeting the motor relearning with regard to the integration of somatosensory 
feedback for the control of balance, was needed. 
2.2 SPECIFIC AIMS 
To this end, and based on the hypothesis, we developed an exercise protocol, the 
‘Somatosensory Focused Balance Training without Cues’, described in the thesis appendix. 
Furthermore, to enable us to evaluate the result from the training, we needed to find a valid 
and reliable clinical balance scale that could assess balance performance in early PD. We also 
investigated whether the balance training did contribute to any changes in laboratory-
measured movement outcomes. Finally, we were interested in the participants’ own 
perception of the intervention. 
As a consequence, four studies were needed to be carried out; a validity study, a clinical 
randomised balance training study, an experimental laboratory movement analysis study, and 
a qualitative interview study. 
 
The specific aim of each study was: 
Study 1. To explore the validity of the BDL balance scale, for use in people with early PD. 
Study 2. To evaluate the effect of the balance training intervention, ‘Somatosensory Focused 
Balance Training without Cues’, in people with early PD using clinical balance outcomes. 
Study 3. To evaluate the effect of ‘Somatosensory Focused Balance Training without Cues’ in 
people with early PD before and after the exercise intervention, and compared to healthy 
controls, using laboratory movement analysis outcomes. 
Study 4. To acquire knowledge of how people with early PD regarded group exercise in 
general, and their perceived effect of the ‘Somatosensory Focused Balance Training without 
Cues’.
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“What about if we put together a balance exercise programme for you?”, I asked. 
“Oh, that’s not needed; my physio said that my balance is perfect. 
I scored full on the Berg Balance Scale!” 
I continued: “That’s indeed very good, but then we need to find another scale that is 
more up to your level. Only when we have found a suitable scale, are we able to 
evaluate your balance performance before and after training!” 
“That’s typical, you people in health care, you always want to measure…”, 
she replied, giving me a funny face. 
 
I continued exalted; “We could even take you in to our movement laboratory and 
compare your movements to healthy people, and even more, we can investigate 
whether the exercise influenced your movement performance!” 
Now I was almost shouting in euphoria. 
 
She answered; “I know to myself if I’m getting better or not, 
 you just have to ask me!”  
She looked at me as if she thought I was an idiot. 
“Good idea!”, I replied. “I will do that as well!” 
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3 SUBJECTS AND METHODS 
3.1 DESIGN AND PARTICIPANT FLOW 
The feasibility of the intervention was tested prior to the thesis by the research group (n=4, 
early PD, non-published). Using the laboratory data from this analysis, the required sample 
size was calculated. 
The overall design was a randomised cross-over training study for people with early PD. In 
parallel we recruited a control group of healthy age- and sex-matched people, see Figure 5. 
Nevertheless, due to drop-outs, leading to low power in Study II and III, data from the two 
training groups needed to be merged for analysis. 
 
Study I had a cross-sectional design and was carried out using data from the eligibility 
assessment of people with PD together with an age- and sex-matched subgroup within the 
healthy control group. 
 
Study II* had a randomised controlled cross-over design. It was derived using the clinical 
data of the pre- and post-assessments together with the follow-up assessment. Computerised 
randomisation into training groups was made by the training instructor, after the eligibility 
assessments, and was kept secret until all post-assessments were made. This was to ensure the 
assessor to be blinded of whether the participant had yet taken part in the training or not. 
 
Study III* had a randomised controlled cross-over and a cross-sectional design. It was derived 
using the laboratory movement analysis data of the pre- and post-assessments together with 
the healthy controls assessment. 
 
Study IV* had a qualitative design of content analysis. All participants in the delayed start 
group were included regardless of their attendance to the training. 
 
The supplementary thesis analysis was derived from the same data as in Study III. 
*One person that dropped out from the immediate start group, was included again in the 
delayed start group. For validity reasons, this person was excluded from the clinical and 
laboratory evaluations (Study II ˗ III). However, the person took part in the Study IV. 
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Figure 5. Enrolment, participant and assessment flow. 
  
  27 
3.2 PARTICIPANTS 
Having read the advertising, either at one out of 16 neurological clinics in Stockholm or at the 
associations for seniors in Stockholm County, the participants volunteered by contacting us. 
After an assessment of eligibility, 28 people with early PD, established by their neurologist, 
(median (md) H&Y stage 2, md age 69 years, 17 females/11 males), and 18 healthy controls 
(md age 75, 11 female/7 male) were included. 
Inclusion criteria for the early PD participants were community-dwelling, ambulating people 
with no walking aids, having a stable parkinsonian medication, and no other history of 
orthopaedic or neurological disorder other than PD that could affect motor performance. 
Moreover, they should not have any sensory deficit in the lower extremities when bedside 
screened. The healthy participants were equally included, apart from the PD diagnosis and the 
medication criteria. 
For the training intervention, only the participants with early PD were included. The 
characteristics of a fictive, representative person is presented in Figure 6. 
 
 
 
Figure 6. A fictive, yet representative person included in the thesis according 
to the ICF model. 
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3.3 SETTINGS 
The studies included were carried out in the settings offered by the Swedish health care, the 
academic research environment, participants’ homes, and in an exercise hall at the city centre. 
All clinical and laboratory assessments were made at Karolinska Institutet, in a research 
laboratory. The group training was carried out at ‘Friskis & Svettis’, close to Stockholm city 
centre. Finally, the interviews were conducted at the participant's choice of place, most often 
in their homes but in a few cases in an undisturbed room at Karolinska University Hospital. 
3.4 BALANCE TRAINING INTERVENTION 
The ‘Somatosensory Focused Balance Training without Cues’ protocol was developed in 
discussion with long time experienced physiotherapists working with people having 
neurological diagnoses. Achieving exercises for enhancing focus on somatosensory input, 
and at the same time challenging each person’s balance ability was the goal of the 
intervention. Moreover, from personal experiences of the physiotherapists, the context of 
training in group was considered both favourable for the ambiance when training and cost 
effective for the health care. A more detailed description of the exercises can be found in the 
thesis appendix. 
The ‘Somatosensory Focused Balance Training without Cues’ was carried out during eight 
weeks, two sessions of 45 minutes/week. In addition to group training, participants were 
instructed to practice at home, daily; one to two exercises of their own choice, which they had 
found difficult to perform in the group session. 
3.5 MEASUREMENTS 
All measures used in the thesis are displayed in Table 2, marked according to the 
corresponding study and component within the ICF classification. 
3.5.1 Body Function 
Balance – According to the ICF classification, balance corresponds to the component 
‘body function’. However, this can be disputed, since dynamic balance is often judged when 
performing an activity such as walking, or in the Alternate Step Test used in this thesis. 
Accordingly, in this broadened interpretation of balance, tests used for balance or including 
balancing tasks were: 
Studies I-II: the BBS 62, the BDL Balance Scale 63, 10 m walk test64, mUPDRS 65, the TuG 66. 
Study III: the Alternate Step Test 67 (Figure 7), an item included in the BBS. The task was 
used for evaluating the anterior/posterior CoP trajectory 68 and the timing of movement 
phases. We selected this clinical task which had been difficult to perform, as noted in the non-
published previous feasibility study. Also, deficits in the timing of sequential movements 
have been shown in PD 69, and hence, this task seemed interesting to explore. 
Study IV: the interviews provided information about the participants’ perceived effect of the 
balance exercise intervention. 
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Cognition – Impaired cognitive ability was an exclusion criterion for participating in all 
studies, and the Mini Mental State Exam (MMSE) 70 was used for screening. Normally the 
cut-off for cognitive impairment of the MMSE is 24 points 71. In the thesis, we used a lower 
cut-off of 22 points 72. Since one item has to do with drawing, and another item is answering 
a question of which floor level the respondent is at the moment, these questions were 
considered misleading. Taking into account the possible tremor in PD hand writing, and that 
the participants had been escorted to the third floor level from the entrance hall without 
information on where to go, we found a lower cut-off reasonable. Also, the reason to screen 
for exclusion was to ensure the ability to participate in the intervention – not the cognition per 
se. The TuG-cog 73 was used for validation of the BDL Balance Scale, as dual tasking can 
reveal balance difficulties 74. 
Disease severity – The H&Y scale (below three for early PD) 10, was used as an inclusion 
criterion for participation. The more informative mUPDRS 65 was used in the Studies I-III. 
Posture – Shoulder-hip angle in relation to vertical, used in the supplementary thesis analysis. 
3.5.2 Activity 
Gait – The 10 m walk test 64 is the most obvious walking test used in the thesis. Still, scores 
of the following tests, are also influenced by the walking ability; mUPDRS 65, the BBS 62, the 
BDL Balance Scale 63, the TuG 66, and the TuG-cog 73. 
Activities in Daily Life –The participants had been instructed to start keeping an activity diary 
already before the first assessment. They noted all physical activities they considered as 
training, such as going for walks, horseback riding, dancing, and so on. The diaries were 
reviewed in conjunction with the assessments in Study II in order to evaluate possible 
changes in their weekly time spent on physical activities due to the intervention. 
The participants narratives made in the interviews (Study IV) gave information on perceived 
improvements after training, such as the ability to stand on one leg, putting on trousers, 
feeling steadier when walking, and being able to walk faster, etc. The questions about 
activities in daily life were semi-structured, and their perceptions were expressed 
spontaneously in the course of interviews.  
3.5.3 Participation 
After termination of the last assessments, information of the participants’ attendance or 
absence to the training was given by the training instructor. By the interviews in Study IV, we 
learned of their thoughts about having participated in the group training and about socializing 
in the group. 
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3.5.4 Environmental factors 
Through interviews we got informed about how the early PD participants experienced 
traveling to the training, and other influencing factors. In connection to the first assessment 
they filled in forms about their civil state. 
3.5.5 Personal factors 
The neurologist provided data on their patients H&Y stage and the number of years since 
diagnose. In connection with the laboratory assessments we measured the participants’ foot 
size. Interviews gave us knowledge about each early PD participant’s mood and attitude 
towards participation in the study and towards life. 
Table 2. The table displays the measures used in the thesis classified according to the 
corresponding component within the ICF model. The respective study, where applied, is 
marked with an x. 
ICF component Outcome measure Study  
BF A P EF PF   I II III IV Thesis  
 x    10 m walk x x    
    x Age x x x  x 
 x    Alternate Step Test   x   
x x    BDL Balance Scale x x    
x x    Berg Balance Scale x x    
x     
Centre of Pressure 
trajectory   x  x 
    x Footsize     x 
x     Shoulder-hip angle     x 
x    x Hoehn & Yahr scale  x x x x x 
 x x x x Interviews    x  
x     Mini Mental State Exam x x x x x 
x x   x mUPDRS x x    
  x   
Participation in 
intervention  x x   
    x Perceptions of training    x  
    x Sex x x x x x 
 x    Timed Up and Go x x    
x x    
Timed Up and Go-
cognition x     
x     
Timing of movement 
phases   x   
    x Years since diagnose x     
Abbreviations: Abbreviations: BF=body function, A=activity, P=participation, EF=environmental 
factors, PF=personal factors mUPDRS=the motor part of the Unified Parkinson’s Disease Rating 
Scale. 
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3.6 DATA COLLECTION 
The clinical and laboratory tests of the early PD and the healthy controls were performed at 
the same occasion for each participant and by the same experienced assessor, 
a physiotherapist specialised in neurology. Moreover, for the early PD group, the timing for 
each occasion was carefully scheduled at the same time of day. The reason for this was to 
eliminate their performance from being biased by any fluctuation due to the time since 
medicine intake. Any changes in parkinsonian medication resulted in exclusion from the 
study. 
The self-reported training diary noted by each early PD participant was kept starting from the 
eligibility assessment until termination of intervention, with the purpose to survey if the 
weekly time spent on training changed due to the intervention. 
Study III, analysing the Alternate Step test demonstrated in Figure 7, used an equipment of 8 
optoelectronic cameras (Elite 2002, BTS Milano) and two force plates (Kistler, Winterthur) 
for movement analysis, see Figure 7. 
.
 
Figure 7. Illustration of the laboratory data collection of the Alternate Step Test. Above the 
research laboratory with two force plates in the middle, and eight optoelectronic cameras 
placed around the presumed target. Below, a person performing the Alternate Step Test task. 
Published with permission from the person on the photo. 
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Study IV, used semi-structured interviews to encourage participants to share their individual 
perspectives on their participation in the group exercise programme. The purpose of using a 
content analysis method was to explore perceptions not afforded by clinical outcome 
measures, searching to find new information 75. Data was collected through face-to-face 
interviews, using a semi-structured interview guide allowing for deviations, if the interviewee 
or interviewer found that additional information was needed. The interview guide was 
derived from the study objectives, and consisted of key issues focusing on the experience of 
the community-based group balance exercise programme, what factors had influenced their 
participation, and of course their perceived effect on balance. The interviews were conducted 
by an experienced health professional and researcher, unaware of the participants’ adherence 
to the training intervention. In order to facilitate for the respondents to speak freely, the 
interviewer had no previous connection to the study. 
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3.7 DATA ANALYSIS 
3.7.1 Study I-III 
All data was treated as non-parametric data, considering both the distribution of the data and 
the sample size 76, 77. Non-parametric effect sizes were calculated with ranked-biserial 
correlation from -1 to 1, where 0 is no effect 78. In this thesis, we interpreted the effect sizes 
as being large when reaching ±0.6, since it reflects that the outcome changed in more than 
80% of the group. Statistical significance level was set to p<0.05. 
To validate the BDL in Study I, Spearmans rho, Cronbach’s alpha, and Rasch analysis were 
used. In Study II ˗ III we used medians and interquartile ranges for descriptive information. 
Significance tests were made by Mann Whitney U test and related samples Wilcoxon’s 
signed rank test. An important aspect of the training evaluation in the Studies II ˗ III was, at 
this point, to include only those who had participated in at least 50 percent of the training 
sessions. 
3.7.1.1 Data processing and preparation in Study III 
Laboratory movement analysis in Study III of the Alternate Step test was made of the 
sequential timing of the movement (divided into the four movement phases; approach, tread, 
return and double stance) and the CoP anterior/posterior trajectory. Data processing was 
carried out with the software Wolfram Mathematica 10.4. The laboratory data yields an 
enormous amount of information that needs to be systematically and carefully dealt with. By 
building a database within the program, and algorithms for mathematical definitions and 
calculations, we made the process of analysis as objective as possible.  
To reinsure the reliability, graphs from the computerised analysis were visually inspected. In 
case of any ambiguous result, the video recording was overviewed. If faults in the data 
collection were found, the corresponding step cycles were excluded. 
  
 34 
 
Figure 8. The diagram illustrates the correlation between foot size (Spearmans rho=0.32) 
and Centre of Pressure (CoP) displacement in the Alternate Step Test, from a sample of 
healthy people within the thesis (n=18). 
 
When calculating the CoP trajectory in Study III, a question was rased, if the foot size might 
have any importance. The analysis in Figure 8, shows the low correlation between CoP 
trajectory and foot size amongst our participants, Spearmans rho=0.32. Therefore, we did not 
pay any respect to foot size in our further CoP analysis. 
 
3.7.2 Study IV 
The chosen qualitative design chosen of content analysis looked for knowledge and 
understanding by manifest and latent interpretation of the content in the transcribed 
interviews through the systematic process of coding and identifying themes 79. The researcher 
conducting the interviews was included as one of the researchers doing the analysis, together 
with the assessor of the other studies. Accordingly, the transcribed interviews were analysed 
by the two researchers, each one separately, defining meaning units and condensed meaning 
units. Thereafter, they met to discuss and agree on their meaning units. Discussions on the 
interpretation of underlying meanings were made, and triangulated for accordance on 
categories with a third experienced researcher, before finally consensus was reached between 
the three researchers on sub-themes, themes and overall theme. 
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3.7.3 Supplementary Thesis Analysis 
Because of the ongoing scientific discussion about whether the impaired somatosensory 
integration can have an effect on posture 26, 30, 31, we decided to perform an additional analysis 
where we looked at the posture in early PD in comparison to healthy, and in early PD before 
and after the Somatosensory Focused Balance training without Cues. 
To define the best method to evaluate posture, we compared different ways of calculation 
from the same trials of the healthy controls assessment when standing still for 60 seconds, see 
Figure 9. It was very clear that the measure using the shoulder-hip angle in relation to the 
vertical plane gave the smallest variation within the group, and was the most consistent 
measure. 
 
Figure 9. Illustration of how result differs from the same trials, depending on choice of 
reference markers. The boxplots show medians, interquartile range and full range from a 
sample of the healthy participants in the thesis (n=15). 
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Before training intervention, using the shoulder-hip angle calculation, we performed a 
comparison of posture between the healthy control group and the early PD group. There was 
a significant difference, showing a more flexed posture in the early PD group, p= 0.03, 
Mann-Whitney U test, see Figure 10. 
 
Figure 10. The boxplots show mean, interquartile ranges (IQR) and min/max trunk flexion 
measured from hip and shoulder markers when standing still during 60 sec, controls (n=15) 
and early PD (n=25), p= 0.03 Mann-Whitney U test. 
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3.8 ETHICAL CONSIDERATIONS 
Ethical approval for all studies were obtained from the local ethics committee of the 
Karolinska Institutet in Stockholm, Sweden diary no 2005/179-31, 2008/276-32, 
2010/414-32, 2016/472-32. All participants gave their written consent to participate, after 
verbal and written information. They were informed that they could withdraw at any time 
without any explanation, or any influence on their continued care. The participants were also 
asked for written consent to being photographed for use in the studies, thesis and education, 
and most of them gave their permission. 
During the course of the thesis, the study plan expanded from including laboratory measures 
only, to embrace clinical measures as well. This initiative was made by me, as a PhD student, 
not being aware of that a supplementary ethic application requesting approval of the added 
clinical measures were needed. It happened during the time of change of main supervisor, as 
the first main supervisor went into retirement. I, alone, am responsible for this mistake. 
However, approval for the added measures was obtained by the local ethics committee in 
retrospect, diary no 2016/472-32. 
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4 RESULTS 
4.1 MEASURING BALANCE IN EARLY PARKINSON’S DISEASE 
4.1.1 Clinical assessment 
In Study I 80, the BDL balance scale was shown to reach neither ceiling nor floor effects in 
our population of early PD. The correlation to the common Berg Balance Scale was good, 
despite the fact that the Berg Balance Scale did reach ceiling when performed by this 
population. The Rasch analysis showed a good distribution of the individual items 
difficulties, although one item, walking in stairs, did not fit the model. The Cronbach’s alpha 
test reliability was 0.83, a very good result considering the sample size. 
In addition, the BDL balance scale was able to reveal a balance deficit between early PD and 
healthy, whereas the BBS could not, see Figure 11. We therefore concluded the BDL balance 
scale to be appropriate as main outcome in our subsequent training study, evaluating the 
effect of the ‘Somatosensory Focused Balance training without Cues’. 
 
 
Figure 11. Boxplots of early PD and healthy age- and sex-matched people performing the 
BDL Balance Scale and the Berg Balance Scale.  
*p=<0.05, Independent samples Mann-Whitney U test. 
Abbreviations: BDL=BDL Balance Scale, BBS=Berg Balance Scale, n.s =non-significant. 
4.1.2 Laboratory assessment 
In Study III, a method of laboratory based movement analysis of dynamic balance with the 
Alternate Step Test was developed. Using this method, movement analysis showed that 
people with early PD were both slower and applied a shorter anterior/posterior displacement 
of the CoP when performing this dynamic balance task (the Alternate Step Test) compared to 
healthy age- and sex-matched, see Table 3. 
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Table 3. Comparisons between early PD and Healthy Controls, and between early PD before 
and after Somatosensory Balance training without Cues. 
 
ePD vs 
Healthy 
Controls 
Effect 
Size2 
ePD before 
training 
vs after training 
Effect 
Size2 
ePD after training  
vs Healthy 
Controls 
Effect 
Size2  
  p-value1   p-value3   p-value1   
Total cycle time 0.018* 0.42 0.001* -0.96 0.882 -0,03 
Relative 
phases:       
 Approach 0.032* -0.39 0.031* 0.60 0.974 0.01 
Tread  0.608 0.09 0.055 -0.53 0.077 -0.35 
Return 0.242 -0.19 0.193 0.36 0.668 0.09 
 Double stance 0.037* 0.47 0.687 -0.11 0.067 0.36 
CoP 0.002* -0.51 0.009* 0.60 0.276  -0.22 
1 Independent-samples Mann-Whitney U test, 2 Rank biserial correlation, 3 Related-samples 
Wilcoxon signed rank test. ePD= early Parkinson’s Disease. * indicates a significant change p<0.05 
 
 
 
 
Figure 12. The Centre of Pressure (CoP) anterior/posterior mean maximum displacement 
when performing an Alternate Step Test cycle. Boxplots showing median, interquartile ranges 
and min/max of healthy age- and sex- matched people, and of early PD before and after 
balance exercise intervention. 
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4.2 EFFECT OF THE ‘SOMATOSENSORY FOCUSED BALANCE TRAINING 
WITHOUT CUES’ 
The effects from the targeted exercise intervention, evaluated in Study II-IV, are presented 
according to the ICF classification. In Table 4, changes in the corresponding body function 
and activity components are summed, and in heading 4.2.2 aspects on environmental and 
personal components are further presented. 
4.2.1 Effect on Body Function and Activities 
Table 4 puts together the results from the different quantitative measures in the Study II and 
III in relation to the corresponding component in the ICF classification. 
After the balance exercise intervention, differences seen between the early PD group and 
healthy control group in Study III, were no longer significant, see Table 3 and Figure 12. 
Table 4. Results from the outcomes measures in Studies II ˗III and the supplementary thesis 
analysis. 
Outcome measure p-value1 Effect size 
10 m walk speed 0.012* 0.61 
Alternate Step Test 0.001* -0.963 
Anterior/posterior CoP 0.009* 0.6 
BBS 0.007* 0.3 
BDL Balance Scale 0.005* 0.53 
Shoulder-hip angle 0.041*2 0.52 
mUPDRS 0.027* -0.47 
Timing of movement phases No difference after training compared to controls  
TuG 0.948 0.02 
1 * indicates a significant change p<0.05, related samples Wilcoxon signed rank test 
2 The significance is towards a more stooped position! 
3 The effect size of mean step time is negative, in this case implying higher velocity 
The qualitative interviews in Study IV gave us important complementary information; the 
large number of comments on perceived improved stability when dressing, and a feeling of 
being steadier when walking, as well as being able to walk faster, reinforced the result of the 
quantitative measures. 
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4.2.1.1 Posture 
After the training period, we found a significant change towards an increased shoulder-hip 
angle (more stooped posture!) when standing still compared to before the training, see 
boxplots in Figure 13. The training did not improve the posture. 
 
Figure 13. The boxplots show median, interquartile range and total range of shoulder-hip 
angle in early PD (n=17) measured from hip and shoulder markers when standing still 
during 60 sec, before and after ‘Somatosensory Focused Balance training without Cues’, 
p=0.041 related samples Wilcoxon signed rank test. 
4.2.2 Personal and Environmental aspects 
From the interviews we learnt that the context of the intervention, training with peers in 
central Stockholm on fixed days and with an experienced instructor was perceived to be of 
utmost importance to maintain training. Many participants had wished the training to 
continue as an ongoing activity, because they found training important. Furthermore, the 
group balance training provided peer support as well as exercise, which was valued by the 
participants. Both aspects empowered them to cope with their disease. The group context met 
many of the diverse needs in early Parkinson apart from the exercise effect. Importantly, 
participants’ comments highlighted their joy and satisfaction with taking part in a group, 
together with their need for exercise on a regular basis under supervision of a leader. They 
confessed that exercising does not happen on one’s own. The overall theme from the Study 
IV, was consented to ‘The group is the glue’, final themes and categories are presented in 
Table 5. The group camaraderie seemed to have been the major factor for the compliance to 
the training. 
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Table 5. The table presents categories, themes and overall theme derived from the qualitative 
content analysis study, Study IV. 
OVERALL THEME THEMES CATEGORIES 
The group is the 
glue 
My body is my limit 
Every day a struggle 
In the mind of others 
I never get well 
Exercise 
– a bare necessity 
To keep up the good work 
With a little help from my 
friends 
 
4.2.2.1 Environmental aspects influencing participation 
A few drop-outs from training were due to heavy snowfall and badly cleared roads during 
winter, making it difficult to travel. Another drop-out was caused by the early morning start 
time of the group training, combined with a long travelling distance, see the flow chart in 
Figure 5. 
4.2.3 Long term effects 
From the follow-up assessment in Study II, (n=9) 81, we could establish that the 
improvements achieved made by this group after training, had declined after 6 months, and 
that the result from the clinical assessments were almost back on the same level as prior to the 
training intervention.
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5 DISCUSSION 
This thesis has made a thorough evaluation of the hypothesis based balance training 
intervention of ‘Somatosensory Focused Balance training without Cues’ for people with early 
PD. To our knowledge, this is so far the only time this balance training approach is evaluated, 
and consequently the first time for people with early PD. 
Furthermore and to our knowledge, is it the first time the Alternate Step Test, an item of the 
Berg Balance Scale, was explored in a movement laboratory. Considering the purpose of 
evaluating a hypothesis based training approach, we found that clinical outcome measures 
were not sufficient. Therefore, we chose to look deeper into the movement quality by 
laboratory movement analysis. Again, there was no obvious tool for measuring the dynamic 
balance within a movement laboratory, and, consequently, we created a model for this 
purpose by use of the Alternate Step Test. To further deepen our understanding of the 
participants' own perception of the training, the qualitative interview study was a valuable 
contribution. 
5.1 MAJOR FINDINGS 
The BDL Balance Scale proved to be a valid outcome measure for use in balance assessment 
in early PD. Moreover, the training approach of ‘Somatosensory Focused Balance training 
without Cues’ had a positive effect on body functions and activity limitations in our 
population. We saw a significant improvement in most of the chosen clinical outcomes, and 
the improvements were confirmed by laboratory outcomes as well as by the participants 
themselves when interviewed. In addition, the aspect of training in a group with peers 
influenced the participants’ mood and motivation in a positive way, and the group context 
contributed to their adherence to the training. 
According to the ICF, most of our chosen outcomes are classified as components of body 
function and activity. This was considered appropriate, as the balancing ability, has been 
found to be the major factor influencing gait and mobility in PD 82. 
5.1.1 Measuring balance in early Parkinson’s Disease 
In the clinics, there is a rich palette of balance tests used by physiotherapists. After the work 
with this thesis started, a few new scales intended for measuring balance in PD have emerged, 
the BESTest and the shortened Mini-BESTest, showing both strengths and limitations when 
used for the early PD population 83, 84. 
Based on our current knowledge and experiences, the BDL balance scale can be considered a 
suitable choice to evaluate balance in early PD. Firstly, the BDL balance scale comprises 
items described as balance challenges in everyday life by people with PD, unlike other 
composite balance tests. Secondly, the BDL was shown to distinguish people with early PD 
in our project from healthy age- and sex-matched controls. Thirdly, the BDL balance scale 
does not have either ceiling or floor effects in the early PD population. Finally, the test is 
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fairly quick to perform and does not need any special equipment, making it easy to administer 
and feasible to carry out in the clinics. However, the BDL balance scale lacks an item with 
walking turns. Such an item needs to be added to the scale, since turning has been shown to 
be a sensitive indicator of postural instability in PD 85-87. For that reason, when using BDL for 
assessing balance in early PD, a complementary test including walking turns needs to be 
performed. 
Nevertheless, despite the many existing balance tests used by physiotherapists, and taking 
into account the suggested improvements of the BDL balance scale in the thesis study I, 
Claesson et al.80, an adequate and comprehensive test for use with PD, especially for early 
PD, targeting the very specific balance difficulties arising along with the disease progression, 
is still needed. 
5.1.2 Balance in early Parkinson’s Disease compared to healthy 
In our studies, differences in balance performance were confirmed between early PD and 
healthy age- and sex-matched controls by their performance of the BDL balance scale and by 
performance of the Alternate Step Test. This is in line with earlier studies that also show that 
balance is affected already at an early stage 88, 89. 
5.1.3 Balance in early Parkinson’s Disease before and after intervention 
The outcomes indicate that people with early PD improved their balance after the 
intervention 81. Not only the clinical balance assessment, but also the laboratory assessment 
and the interviews pointed towards a positive effect on balance performance. From the 
assessments, and reinforced by the interviews; we concluded that every day activities like, for 
example, standing on one leg putting on trousers had become easier, and that walking had 
become safer and faster. These are tasks often reported as problematic by people with PD 8, 90. 
Compared to many other training intervention studies, often with sessions three times a week 
during 10-12 weeks 52, 60, 91, the ‘Somatosensory Focused Balance Training without Cues’, 
was carried out twice a week for eight weeks. This was considered closer to what is 
achievable in the usual health care settings in Sweden. Even with the moderate inclusion 
criterion of having participated at least half the sessions, we could still detect an improvement 
in balance performance. In addition, by means of their training diaries, we were confident that 
the improvements made were not due to a sudden increase in their usual amount of training 
outside the intervention. 
That balance training is important for gait and mobility in PD was highlighted by 
Christofoletti et al 82. They found a strong predictive relationship between balance, gait and 
mobility limitations, regardless age, disease severity, fall history, or other demographic 
aspects. Morever, they concluded that balance was the major factor influencing these 
limitations, and suggest, in line with our intervention, that targeted balance training may be 
particularly important for the improvement of mobility and gait in people with PD. 
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5.1.3.1 Long-term aspects 
At six months follow-up, improvements made after the intervention had vanished, and 
participants showed again the same result as before the intervention. This means that much of 
the gain from training had been lost. On the other hand, due to the progressive character of 
the disease, some deterioration should be expected. Many respondents in Study IV 
acknowledged their difficulties in taking the responsibility for training by themselves, and 
wished for an opportunity of continued guided training. 
A recently published review evaluating exercise in PD 92, concludes evidence of a minimum 
duration for eight weeks of balance training to have persisting effects after 3–12 months. 
Unfortunately, their study lacks information on recommended intensity and frequency of 
training. According to their findings, our training intervention may not have lasted long 
enough, or have been sufficiently intense, for long-term effects to be expected. 
5.1.3.2 Possible underlying mechanisms 
Previous research declares the basal ganglia as being critical for central processing of postural 
control, and in particular for the integration of sensory information 4. Today, evidence of 
exercise-induced neuroplasticity in PD is growing 49. Interestingly a recent study showed 
neuroplasticity changes in the dopaminergic signalling after exercise in people with early 
PD 93. Seeing that balance performance has improved after the targeted intervention of 
‘Somatosensory Focused Balance training without Cues’, a quick conclusion could be that 
this targeted training intervention did enhance the processing of sensory information within 
the basal ganglia. 
On second thought, after ending this project, we cannot jump to any certain conclusion of the 
underlying mechanism for the participants’ improvements in balance performance. There are 
indeed several mechanisms apart from neuroplasticity that may have contributed to the 
improvement, such as reduced muscle rigidity or bradykinesia, increased self-confidence in 
movement, or the aspect of motor learning strategies for balance. To obtain a deeper 
understanding of the possible effects within the brain, a complementary evaluation with fMRI 
and Brain-Derived Neurotrophic Factor (BDNF) before and after the exercise intervention 
would have been elucidative. Nota bene, a possible change in these outcomes cannot give any 
specific information on the change of somatosensory integration for balance. 
5.2 METHODOLOGICAL CONSIDERATIONS 
There are several methodological concerns to address before finalizing the thesis results. The 
original plan of the thesis was designed as a cross-over study, with power based on 
calculations from the laboratory outcome measures. Mainly due to unforeseen environmental 
factors, several participants dropped out from one of the randomised training groups forcing 
us to merge the groups to get enough statistical power. Considering the progressive course of 
PD, and the many disparate difficulties connected with the disease, larger groups, 
overshooting the estimated statistical power goal would have been more appropriate. 
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5.2.1 Choice of methods 
In Study I, validating the BDL scale for early PD, a standard scale specific for balance in this 
population was warranted. Since such a standard did not exist, the second best alternative was 
to correlate the BDL to similar scales, to disease severity scales, and to the most often used 
balance scales in this population. Later, new recommended scales assessing balance in PD 
have come up, in particular the BESTest 94, 95. The shortened form, the mini-BESTest, was 
subsequently translated to Swedish 96, and would have been added to both the validating and 
training evaluation studies if it had existed earlier. 
A laboratory based movement analysis for measuring dynamic balance did not exist. 
Therefore we developed a new method using the Alternate Step test for this purpose. The 
method showed to be an accurate and feasible outcome measure for the thesis population. 
5.2.2 External validity 
An important limitation is the number of participants and the convenience sample. 
Nevertheless, the many different approaches; clinical, laboratory movement analysis and 
interviews, for evaluating the intervention of ‘Somatosensory Focused Balance Training 
without Cues’ strengthen the trustworthiness of the result. Therefore, the improvements made 
provide incentive for future research. 
5.2.2.1 Generalisability 
Our results are based on participants at an early stage of PD and their comparisons to healthy 
age- and sex-matched controls. The people that dropped out from the training intervention, 
did not differ from the other participants regarding disease severity, age or sex. All 
participants had volunteered, and thus curiosity and interest in research may be attributed to 
the subjects. Moreover, the early PD participants volunteered to take part in a training 
intervention. Therefore, people with PD not interested in training would probably not have 
reported themselves for participation. Consequently, this affects the generalisability of the 
result. 
Even so, we do believe that other people with early PD taking part in a similar intervention, 
would undergo the same positive impact as those included in our study. Naturally, the 
intervention appeals mainly to those who are comfortable with training in a group, and the 
adherence was highly connected to the satisfaction of sharing experiences in a group. The 
effect of the training, if applied in a single person-to-therapist situation, is not possible to 
deduce. 
5.2.2.2 Context 
The context of the included studies; being part of ongoing research, the exercise location, and 
the experienced group training instructor may have played an important role for the result. 
The assessments were carried out at Karolinska Institutet research laboratory, this might have 
contributed to a perception of earnestness and correctness, making the participants feel 
  47 
important and perform at their best. This also guaranteed for the assessments being conducted 
in the same way and under the same circumstances each time. 
The training intervention was carried out close to the city centre at an exercise location where 
healthy community dwelling people exercise. The fact that the training location was not part 
of the health care facilities, might have contributed to a feeling of being less stigmatised by 
the disease and a part of the municipal everyday life. We learnt that travelling distance and 
transport facilities are important for being able to participate, and needs to be taken into 
account when planning for interventions. In order to form groups, the context of a larger 
community with proper municipal means of transport is necessary. 
An experienced physiotherapist was recruited to supervise the targeted training. To customise 
the exercises individually for each participant and to remain loyal to the concept of 
‘Somatosensory Focused Balance Training without Cues’, knowledge of balance training and 
expertise in providing personal feedback was vital. 
5.2.3 Internal validity 
The hypothesis of ‘Somatosensory Focused Balance Training without Cues’, was tested in 
this thesis. The intervention approach, targeting conscious focus on somatosensory input for 
maintaining balance, is hypothesis based. We cannot be sure that our specifically developed 
exercise programme really promotes an enhanced somatosensory integration. Even though 
improvements in balance performance were reached by our outcome measures and reinforced 
by the participants’ narratives, it is not sufficient as evidence for the hypothesis. On the other 
hand, although the underlying mechanisms for the improvements made remains uncertain, the 
targeted intervention has clearly been beneficial for improving the participants’ balance 
performance. 
5.2.3.1 Sampling validity and transferability in Study IV 
One can question how accurate the interviewed sample in the Study IV represents the 
population of early PD. Ideally, in content analysis research, the sampling should be actively 
and strategically planned for ensuring representativeness. In this case, and of pragmatic 
reasons, all participants in the delayed start training group (n=15) were asked to participate 
and they all agreed. People with early PD, not interested in training, nor in participating in a 
research study, cannot be considered represented in this study sample. Moreover, in order to 
get insight in possible transfer of our result to other cultural settings, further investigation is 
needed. 
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5.3 CLINICAL IMPLICATIONS 
 The BDL balance scale can be recommended as a clinical outcome measure for 
balance evaluation in early PD. 
 The ‘Somatosensory Focused Balance Training without Cues’, can contribute to 
balance improvement in early PD. This was shown by clinical outcomes, by 
laboratory movement outcomes, and reinforced by participants’ perceptions. 
 The context of training should be considered as highly important. Our study 
population found it difficult to maintain continuous training on their own, and the 
regular supervised training in a friendly atmosphere among peers overcame these 
difficulties. Moreover, training in a group seems to have contributed to a positive 
attitude towards training and a higher motivation for training. The possibility to meet 
peers, and to feel part of the society's community can give unexpected positive effects 
on the motivation for training and reduce the stigma of the disease. 
5.4 FUTURE RESEARCH 
A future goal, considering the expanding costs for our health care system, will be to select the 
most cost effective intervention. Therefore, future research where different balance exercise 
interventions for people with PD are compared and explored according to design, length, 
intensity, context and to disease severity is requested 
The number of scientific studies about the positive effect of exercise in PD are growing, as 
well as evidence of that exercise can trigger neuroplasticity changes in the human PD brain. 
Regarding the positive effects from the ‘Somatosensory Balance Training without Cues’, 
more research on this targeted intervention with fMRI or BDNF outcomes is proposed in 
order to further explore the original hypothesis. 
The Alternate Step Test is an appropriate test of dynamic balance, for use in research 
laboratory movement analysis. 
There is still a need for a targeted balance scale used for evaluating balance performance in 
PD throughout the progression of the disease. This could be a development of the BDL 
balance scale. One such important aspect to include, would be to add an item assessing the 
ability to turn around while walking. 
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5.5 CONCLUSIONS 
‘Somatosensory Focused Balance Training without Cues’, can improve balance in early PD. 
The improvement was reflected within clinical balance outcomes and by laboratory 
movement analysis. From the interviews in Study IV, participants’ narratives confirmed 
important improvement in balance after group training, and that they highly appreciated 
making friends with peers who contributed to a higher motivation for training. 
In addition, the results from the thesis show that the BDL is a valid clinical assessment tool 
for use when measuring balance in early PD. 
Furthermore, the Alternate Step Test showed to be a feasible test for evaluating dynamic 
balance within the movement analysis laboratory setting. 
 
  51 
 
EPILOGUE 
 
 
 
 
 
 
 
 
 
 
 
 
 
”Well, Ingrid, I’m getting tired of you and your ongoing blablabla 
about somsomry…eh, whatever. 
I couldn’t care less. 
You see, I have met some new friends now; we go for walks, and we play boules.  
I’m getting by with a little help from my friends.  
I’m too busy to spend more time on you and your ideas. Sorry, enough for me. 
I’m off. So long.” 
I answered: “That sounds good, enjoy! Good bye!” 
  
 52 
6 ACKNOWLEDGEMENTS 
First of all, I would like to express my gratitude and recognition to all participants in this 
project, people with early PD and healthy people, who volunteered to take part in this project. 
My respect and appreciation to all my supervisors; the main supervisors Helga Hirschfeld, 
Agneta Ståhle and the co-supervisors Wim Grooten and Johan Lökk!  
Thank you Helga, the Valkyrie who picked me as her warrior, with whom the initial hypothesis 
was born and designed. Thank you for your convincing belief in me and the hypothesis tested!  
Thank you sparkling Agneta for taking the risk to adopt me after Helga retired, in spite of not 
knowing what you were getting into, especially not the unruly PhD student. You survived! 
Wim, you are a bright shining (pop-) star of broad and deep competence, someone that I could 
never have managed without – millennium thanks!  
Finally Johan, the distant monitor, watching over me wandering through a jungle of data, 
thanks for all feedback on the manuscripts and for the positive encouragement. 
My gratitude to my mentor Gunnar Pihlgren, for interesting discussions and support including 
pleasant dinners with family. 
To my co-author, Sverker Johansson, for giving this work focus in spite of the many other 
ongoing missions at the same time. Thank you for the constructive collaboration! 
To my former colleagues Elin Farén, in charge of the training in Study II, and Anna Renberg. 
Together we formed the protocol for the training concept. 
To all sympathetic colleagues in the research group “Fysisk aktivitet och träning för hälsa i ett 
livslångt perspektiv”, for research discussions and educational meetings. Thank you Alexandra 
Halvarsson for covering as stand-in in the training intervention, and for constructive feedback 
on my “kappa”. 
To the fabulous workers in corridor A3; Breiffney, Hanna, Tony, Lena, Kirsti, David, Erika, 
Emelie, Riccardo, Tobias, Alexandra, Ing-Mari, Lisbet, Niklas, Conran, Andreas ….who have 
the exquisite knowledge of blending high with low in discussions, and mixing nonsense with 
serious talk, laughter with gravity. A special thanks to my closest “desktop sisters”, Elena Tseli 
and Emelie Karlsson for empathetic ears and sensitive tuning forks – if everyone were like you, 
the world would be in peace. 
The Karolinska Institutet, Department of Neurobiology, Care Sciences and Society, Division of 
Physiotherapy, for the support and opportunity to become a PhD-student, and in particular to 
the heads of the department Annette Heijne and Maria Hagströmer. 
The Doctoral School of Health Care Sciences for supporting this project and for excellent PhD 
education. The thesis was also financially supported by the Stockholm County Council. 
  53 
To all my fantastic former colleagues at Karolinska University Hospital Huddinge, at former 
Department of Physiotherapy and in particular the former “Neurogeriatriska sektionen”, I miss 
you all! I am very proud of having been part of such a professional and skilled group. My 
extended gratitude to my former head Ulrika Einarsson for full support when I needed it the 
most! 
To all my new colleagues at Neurocampus, Sophiahemmet; Monika Silén, Sara Vive, Anne-
Marie Schildt, Katja Lundqvist, Hanne Burvang och Ulrika Järnesjö, that welcomed me as a 
“family member” with open arms and also teaching me awkward dances! Thank you also 
Camilla Johnsson and Tor Ansved for employing me (although I was still a PhD student!) and 
giving me support towards the finishing line. Also a big thank you for taking on my comment 
regarding the sound problems ˗ the acoustic has become very good at Neurocampus! 
To all my essential friends, I love Bagis; Ylva Williams, Ylva Sahlstrand, Ingrid Eklund, Inger 
Sernbo, Katarina Dahlquist, Adina Ekbergh, Ann Lindholm, Karin Edholm, Carina Länk and 
Malin Lindström. Dinners, travels, walks, events, discussions, you name it. Bagis rules!!! You 
were there, when I was low – I am so grateful! You have enriched my life during this time. 
Thank you for all wisdom and witchcraft! 
To all my indispensable friends; Suzanne Hagström, Marie Björk, Maria Delby and Christina 
Koernig, the proof of that friendship grows stronger over the years! Thank you for wonderful 
crayfish moon dances, refreshing cold (yes, ice cold!) swims in the sea, and exciting Barcelona 
adventures. What would we become without culture? 
To my very special MING-friend, Marianne Ericsson, thank you for your understanding nature, 
sharing of life experiences, and for interesting and recovering discussions during this period in 
my life! 
LAST BUT CERTAINLY NOT LEAST: 
To my family; my late grandmothers who were both outstandingly strong and independent 
women in totally different ways, they have both inspired me through life! To my mother Kerstin 
and father Olle, my sisters Gudrun and Ragnhild, and my brother Björn – we are quite a diverse 
but still brilliant family! 
To my twin-soul, the very dearest Jarl Sobel, that gave me constant support to carry on with the 
thesis until it was completely done. I am so happy we met! Without you I would not have made 
it to the end. Thank you for co-authoring, the English language support, mathematical skills, 
dinners, company, discussions and everything else! 
And finally ˗ to my highly and deeply beloved children, Hjalmar, Sigrid and Lova, with whom I 
have literally travelled between life and death several times during the course of working with 
the thesis. You are the strongest and wisest people I know! Thank you for being who you are!  
 54 
7 REFERENCES 
1. WHO. How to use the ICF: A practical manual for using the International Classification of 
Functioning, Disability and Health (ICF). Geneva: World Health Organization, 2013. 
2. van Uem JM, Marinus J, Canning C, et al. Health-Related Quality of Life in patients with 
Parkinson's disease--A systematic review based on the ICF model. Neuroscience and 
biobehavioral reviews 2016;61:26-34. 
3. Pringsheim T, Jette N, Frolkis A, Steeves TD. The prevalence of Parkinson's disease: a 
systematic review and meta-analysis. Movement disorders : official journal of the Movement 
Disorder Society 2014;29:1583-1590. 
4. Hwang S, Agada P, Grill S, Kiemel T, Jeka JJ. A central processing sensory deficit with 
Parkinson's disease. Experimental brain research Experimentelle Hirnforschung 
Experimentation cerebrale 2016;234:2369-2379. 
5. Reichmann H. Clinical criteria for the diagnosis of Parkinson's disease. Neuro-degenerative 
diseases 2010;7:284-290. 
6. Jankovic J. Parkinson's disease: clinical features and diagnosis. Journal of neurology, 
neurosurgery, and psychiatry 2008;79:368-376. 
7. Hechtner MC, Vogt T, Zollner Y, et al. Quality of life in Parkinson's disease patients with 
motor fluctuations and dyskinesias in five European countries. Parkinsonism & related 
disorders 2014;20:969-974. 
8. Raggi A, Leonardi M, Ajovalasit D, et al. Disability and profiles of functioning of patients 
with Parkinson's disease described with ICF classification. International journal of rehabilitation 
research Internationale Zeitschrift fur Rehabilitationsforschung Revue internationale de 
recherches de readaptation 2011;34:141-150. 
9. Rafferty MR, Schmidt PN, Luo ST, et al. Regular Exercise, Quality of Life, and Mobility in 
Parkinson's Disease: A Longitudinal Analysis of National Parkinson Foundation Quality 
Improvement Initiative Data. Journal of Parkinson's disease 2017;7:193-202. 
10. Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortality. Neurology 
1967;17:427-442. 
11. Fahn S ER. Members of the UPDRS Development Committee. Unified Parkinsons's 
Disease Rating Scale. Florham Park MJ: Macmillan Healthcare Information, 1987. 
12. Visser M, Marinus J, Bloem BR, Kisjes H, van den Berg BM, van Hilten JJ. Clinical tests 
for the evaluation of postural instability in patients with Parkinson's disease. Archives of 
physical medicine and rehabilitation 2003;84:1669-1674. 
13. Goetz CG, Poewe W, Rascol O, et al. Movement Disorder Society Task Force report on the 
Hoehn and Yahr staging scale: status and recommendations. Movement disorders : official 
journal of the Movement Disorder Society 2004;19:1020-1028. 
14. Keus SHJ, Munneke M, Graziano M, et al. European Physiotherapy Guideline for 
Parkinson's disease. 2014. 
15. Woollacott MH, Shumway-Cook A. Changes in posture control across the life span-
a systems approach. Physical therapy 1990;70:799-807. 
  55 
16. Shumway-Cook A, Woollacott M. Attentional demands and postural control: the effect of 
sensory context. The journals of gerontology Series A, Biological sciences and medical sciences 
2000;55:M10-16. 
17. Rinalduzzi S, Trompetto C, Marinelli L, et al. Balance dysfunction in Parkinson's disease. 
BioMed research international 2015;2015:1-10. 
18. Mancini M, Horak FB, Zampieri C, Carlson-Kuhta P, Nutt JG, Chiari L. Trunk 
accelerometry reveals postural instability in untreated Parkinson's disease. Parkinsonism & 
related disorders 2011;17:557-562. 
19. Park JH, Kang YJ, Horak FB. What Is Wrong with Balance in Parkinson's Disease? Journal 
of movement disorders 2015;8:109-114. 
20. Peterka RJ. Sensorimotor integration in human postural control. Journal of neurophysiology 
2002;88:1097-1118. 
21. Konczak J, Corcos DM, Horak F, et al. Proprioception and motor control in Parkinson's 
disease. Journal of motor behavior 2009;41:543-552. 
22. Patel N, Jankovic J, Hallett M. Sensory aspects of movement disorders. Lancet neurology 
2014;13:100-112. 
23. Hwang S, Agada P, Kiemel T, Jeka JJ. Dynamic reweighting of three modalities for sensor 
fusion. PloS one 2014;9:e88132. 
24. Woollacott M, Shumway-Cook A. Attention and the control of posture and gait: a review of 
an emerging area of research. Gait & posture 2002;16:1-14. 
25. Oie KS, Kiemel T, Jeka JJ. Multisensory fusion: simultaneous re-weighting of vision and 
touch for the control of human posture. Brain research Cognitive brain research 2002;14:164-
176. 
26. Vaugoyeau M, Viel S, Assaiante C, Amblard B, Azulay JP. Impaired vertical postural 
control and proprioceptive integration deficits in Parkinson's disease. Neuroscience 
2007;146:852-863. 
27. Rossini PM, Filippi MM, Vernieri F. Neurophysiology of sensorimotor integration in 
Parkinson's disease. Clinical neuroscience (New York, NY) 1998;5:121-130. 
28. Adamovich SV, Berkinblit MB, Hening W, Sage J, Poizner H. The interaction of visual and 
proprioceptive inputs in pointing to actual and remembered targets in Parkinson's disease. 
Neuroscience 2001;104:1027-1041. 
29. Keijsers NL, Admiraal MA, Cools AR, Bloem BR, Gielen CC. Differential progression of 
proprioceptive and visual information processing deficits in Parkinson's disease. The European 
journal of neuroscience 2005;21:239-248. 
30. Vaugoyeau M, Hakam H, Azulay JP. Proprioceptive impairment and postural orientation 
control in Parkinson's disease. Human movement science 2011;30:405-414. 
31. Zia S, Cody FW, O'Boyle DJ. Identification of unilateral elbow-joint position is impaired by 
Parkinson's disease. Clinical anatomy (New York, NY) 2002;15:23-31. 
32. Conte A, Khan N, Defazio G, Rothwell JC, Berardelli A. Pathophysiology of 
somatosensory abnormalities in Parkinson disease. Nature reviews Neurology 2013;9:687-697. 
 56 
33. Ashburn A, Stack E, Ballinger C, Fazakarley L, Fitton C. The circumstances of falls among 
people with Parkinson's disease and the use of Falls Diaries to facilitate reporting. Disability 
and rehabilitation 2008;30:1205-1212. 
34. Dona F, Aquino CC, Gazzola JM, et al. Changes in postural control in patients with 
Parkinson's disease: a posturographic study. Physiotherapy 2016;102:272-279. 
35. Matsuda S, Demura S, Uchiyama M. Centre of pressure sway characteristics during static 
one-legged stance of athletes from different sports. Journal of sports sciences 2008;26:775-779. 
36. Keus SHJ MM, Graziano M, Paltamaa J, Pelosin E, Domingos J, Bruhlmann S, 
Ramaswamy B, Prins J, Strukisma C, Rochester L, Nieuwboer A, Bloem B. European 
Physiotherapy Guideline for Parkinson's disease. 2014. 
37. Steffen T, Seney M. Test-retest reliability and minimal detectable change on balance and 
ambulation tests, the 36-item short-form health survey, and the unified Parkinson disease rating 
scale in people with parkinsonism. Physical therapy 2008;88:733-746. 
38. Bloem BR, Grimbergen YA, Cramer M, Willemsen M, Zwinderman AH. Prospective 
assessment of falls in Parkinson's disease. Journal of neurology 2001;248:950-958. 
39. Blum L, Korner-Bitensky N. Usefulness of the Berg Balance Scale in stroke rehabilitation: a 
systematic review. Physical therapy 2008;88:559-566. 
40. Kleim JA, Jones TA. Principles of experience-dependent neural plasticity: implications for 
rehabilitation after brain damage. Journal of speech, language, and hearing research : JSLHR 
2008;51:S225-239. 
41. Mang CS, Campbell KL, Ross CJ, Boyd LA. Promoting neuroplasticity for motor 
rehabilitation after stroke: considering the effects of aerobic exercise and genetic variation on 
brain-derived neurotrophic factor. Physical therapy 2013;93:1707-1716. 
42. Yu XJ, He HJ, Zhang QW, et al. Somatotopic reorganization of hand representation in 
bilateral arm amputees with or without special foot movement skill. Brain research 
2014;1546:9-17. 
43. Kitago T, Krakauer JW. Motor learning principles for neurorehabilitation. Handbook of 
clinical neurology 2013;110:93-103. 
44. Krakauer JW. Motor learning: its relevance to stroke recovery and neurorehabilitation. 
Current opinion in neurology 2006;19:84-90. 
45. Draganski B, Gaser C, Busch V, Schuierer G, Bogdahn U, May A. Neuroplasticity: changes 
in grey matter induced by training. Nature 2004;427:311-312. 
46. Boyke J, Driemeyer J, Gaser C, Buchel C, May A. Training-induced brain structure changes 
in the elderly. The Journal of neuroscience : the official journal of the Society for Neuroscience 
2008;28:7031-7035. 
47. Gauthier LV, Taub E, Perkins C, Ortmann M, Mark VW, Uswatte G. Remodeling the brain: 
plastic structural brain changes produced by different motor therapies after stroke. Stroke; a 
journal of cerebral circulation 2008;39:1520-1525. 
48. Sehm B, Taubert M, Conde V, et al. Structural brain plasticity in Parkinson's disease 
induced by balance training. Neurobiology of aging 2014;35:232-239. 
  57 
49. Hirsch MA, Iyer SS, Sanjak M. Exercise-induced neuroplasticity in human Parkinson's 
disease: What is the evidence telling us? Parkinsonism & related disorders 2016;22 Suppl 
1:S78-81. 
50. Tomlinson CL, Herd CP, Clarke CE, et al. Physiotherapy for Parkinson's disease: a 
comparison of techniques. The Cochrane database of systematic reviews 2014;6:CD002815. 
51. Allen NE, Canning CG, Sherrington C, et al. The effects of an exercise program on fall risk 
factors in people with Parkinson's disease: a randomized controlled trial. Movement disorders : 
official journal of the Movement Disorder Society 2010;25:1217-1225. 
52. Canning CG, Sherrington C, Lord SR, et al. Exercise for falls prevention in Parkinson 
disease: a randomized controlled trial. Neurology 2015;84:304-312. 
53. Tomlinson CL, Patel S, Meek C, et al. Physiotherapy versus placebo or no intervention in 
Parkinson's disease. The Cochrane database of systematic reviews 2013:Cd002817. 
54. Amano S, Nocera JR, Vallabhajosula S, et al. The effect of Tai Chi exercise on gait 
initiation and gait performance in persons with Parkinson's disease. Parkinsonism & related 
disorders 2013;19:955-960. 
55. de Dreu MJ, van der Wilk AS, Poppe E, Kwakkel G, van Wegen EE. Rehabilitation, 
exercise therapy and music in patients with Parkinson's disease: a meta-analysis of the effects of 
music-based movement therapy on walking ability, balance and quality of life. Parkinsonism & 
related disorders 2012;18 Suppl 1:S114-119. 
56. Duncan RP, Earhart GM. Are the effects of community-based dance on Parkinson disease 
severity, balance, and functional mobility reduced with time? A 2-year prospective pilot study. 
Journal of alternative and complementary medicine (New York, NY) 2014;20:757-763. 
57. Sparrow D, DeAngelis TR, Hendron K, Thomas CA, Saint-Hilaire M, Ellis T. Highly 
Challenging Balance Program Reduces Fall Rate in Parkinson Disease. Journal of neurologic 
physical therapy : JNPT 2016;40:24-30. 
58. Uhrbrand A, Stenager E, Pedersen MS, Dalgas U. Parkinson's disease and intensive exercise 
therapy--a systematic review and meta-analysis of randomized controlled trials. Journal of the 
neurological sciences 2015;353:9-19. 
59. Zhang TY, Hu Y, Nie ZY, et al. Effects of Tai Chi and Multimodal Exercise Training on 
Movement and Balance Function in Mild to Moderate Idiopathic Parkinson Disease. American 
journal of physical medicine & rehabilitation / Association of Academic Physiatrists 
2015;94:921-929. 
60. Conradsson D, Lofgren N, Nero H, et al. The Effects of Highly Challenging Balance 
Training in Elderly With Parkinson's Disease: A Randomized Controlled Trial. 
Neurorehabilitation and Neural Repair 2015;29:827-836. 
61. Abbruzzese G, Marchese R, Avanzino L, Pelosin E. Rehabilitation for Parkinson's disease: 
Current outlook and future challenges. Parkinsonism & related disorders 2016;22 Suppl 1:S60-
64. 
62. Berg K, Wood-Dauphinee S, Williams JI. The Balance Scale: reliability assessment with 
elderly residents and patients with an acute stroke. Scand J Rehabil Med 1995;27:27-36. 
 58 
63. Lindmark B, Liljenäs Å, Hellström K. Assessment of minor or moderate balance disorders: 
A reliability study and comparison with healthy subjects. Advances in Physiotherapy 
2012;14:3-9. 
64. Combs SA, Diehl MD, Filip J, Long E. Short-distance walking speed tests in people with 
Parkinson disease: reliability, responsiveness, and validity. Gait & posture 2014;39:784-788. 
65. Goetz CG, Stebbins GT, Chmura TA, Fahn S, Klawans HL, Marsden CD. Teaching tape for 
the motor section of the unified Parkinson's disease rating scale. Movement disorders : official 
journal of the Movement Disorder Society 1995;10:263-266. 
66. Morris S, Morris ME, Iansek R. Reliability of measurements obtained with the Timed "Up 
& Go" test in people with Parkinson disease. Physical therapy 2001;81:810-818. 
67. Chung MM, Chan RW, Fung YK, et al. Reliability and validity of Alternate Step Test times 
in subjects with chronic stroke. Journal of rehabilitation medicine 2014;46:969-974. 
68. Henry SM, Fung J, Horak FB. Control of stance during lateral and anterior/posterior surface 
translations. IEEE transactions on rehabilitation engineering : a publication of the IEEE 
Engineering in Medicine and Biology Society 1998;6:32-42. 
69. Avanzino L, Pelosin E, Martino D, Abbruzzese G. Motor timing deficits in sequential 
movements in Parkinson disease are related to action planning: a motor imagery study. PloS one 
2013;8:e75454. 
70. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for grading 
the cognitive state of patients for the clinician. Journal of psychiatric research 1975;12:189-198. 
71. Lopez MN, Charter RA, Mostafavi B, Nibut LP, Smith WE. Psychometric properties of the 
Folstein Mini-Mental State Examination. Assessment 2005;12:137-144. 
72. Barker RA, Williams-Gray CH. Mild cognitive impairment and Parkinson's disease--
something to remember. Journal of Parkinson's disease 2014;4:651-656. 
73. Hofheinz M, Schusterschitz C. Dual task interference in estimating the risk of falls and 
measuring change: a comparative, psychometric study of four measurements. Clinical 
rehabilitation 2010;24:831-842. 
74. Plotnik M, Giladi N, Dagan Y, Hausdorff JM. Postural instability and fall risk in Parkinson's 
disease: impaired dual tasking, pacing, and bilateral coordination of gait during the "ON" 
medication state. Experimental brain research Experimentelle Hirnforschung Experimentation 
cerebrale 2011;210:529-538. 
75. Hsieh HF, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res 
2005;15:1277-1288. 
76. Ejlertsson G. Statistik för hälsovetenskaperna: Studenlitteratur, 2012. 
77. Pett MA. Nonparametric statistics for health care research: Statistics for small samples and 
unusual distributions. Thousand Oaks, CA, US: Sage Publications, Inc, 1997. 
78. Kerby DS. The Simple Difference Formula: An Approach to Teaching Nonparametric 
Correlation. Comprehensive Psychology 2014;3:11.IT.13.11. 
79. Graneheim UH, Lundman B. Qualitative content analysis in nursing research: concepts, 
procedures and measures to achieve trustworthiness. Nurse education today 2004;24:105-112. 
  59 
80. Claesson IM, Grooten WJ, Lokk J, Stahle A. Assessing postural balance in early Parkinson's 
Disease-validity of the BDL balance scale. Physiother Theory Pract 2017;33:490-496. 
81. Claesson IM, Ståhle A, Lökk J, Grooten WJA. Somatosensory Focused Balance Training 
without cues can improve balance and gait in early Parkinson’s disease – a randomised pilot 
study. European Journal of Physiotherapy 2017:1-7. 
82. Christofoletti G, McNeely ME, Campbell MC, Duncan RP, Earhart GM. Investigation of 
factors impacting mobility and gait in Parkinson disease. Human movement science 
2016;49:308-314. 
83. Leddy AL, Crowner BE, Earhart GM. Utility of the Mini-BESTest, BESTest, and BESTest 
sections for balance assessments in individuals with Parkinson disease. Journal of neurologic 
physical therapy : JNPT 2011;35:90-97. 
84. Benka Wallén M, Sorjonen K, Löfgren N, Franzén E. Structural Validity of the Mini-
Balance Evaluation Systems Test (Mini-BESTest) in People With Mild to Moderate Parkinson 
Disease. Physical therapy 2016;96:1799-1806. 
85. Bloem BR, Steijns JA, Smits-Engelsman BC. An update on falls. Current opinion in 
neurology 2003;16:15-26. 
86. Bloem BR, van Vugt JP, Beckley DJ. Postural instability and falls in Parkinson's disease. 
Advances in neurology 2001;87:209-223. 
87. Stack E, Ashburn A. Dysfunctional turning in Parkinson's disease. Disability and 
rehabilitation 2008;30:1222-1229. 
88. Kim SD, Allen NE, Canning CG, Fung VSC. Postural Instability in Patients with 
Parkinson's Disease Epidemiology, Pathophysiology and Management. CNS drugs 2013;27:97-
112. 
89. Song J, Sigward S, Fisher B, Salem GJ. Altered Dynamic Postural Control during Step 
Turning in Persons with Early-Stage Parkinson's Disease. Parkinson's disease 
2012;2012:386962. 
90. Hammarlund CS, Andersson K, Andersson M, Nilsson MH, Hagell P. The significance of 
walking from the perspective of people with Parkinson's disease. Journal of Parkinson's disease 
2014;4:657-663. 
91. Combs SA, Diehl MD, Staples WH, et al. Boxing training for patients with Parkinson 
disease: a case series. Physical therapy 2011;91:132-142. 
92. Mak MK, Wong-Yu IS, Shen X, Chung CL. Long-term effects of exercise and physical 
therapy in people with Parkinson disease. Nature reviews Neurology 2017;13:689-703. 
93. Fisher BE, Li Q, Nacca A, et al. Treadmill exercise elevates striatal dopamine D2 receptor 
binding potential in patients with early Parkinson's disease. Neuroreport 2013;24:509-514. 
94. Horak FB, Wrisley DM, Frank J. The Balance Evaluation Systems Test (BESTest) to 
differentiate balance deficits. Physical therapy 2009;89:484-498. 
95. Leddy AL, Crowner BE, Earhart GM. Functional gait assessment and balance evaluation 
system test: reliability, validity, sensitivity, and specificity for identifying individuals with 
Parkinson disease who fall. Physical therapy 2011;91:102-113. 
 60 
96. Bergstrom M, Lenholm E, Franzen E. Translation and validation of the Swedish version of 
the mini-BESTest in subjects with Parkinson's disease or stroke: a pilot study. Physiother 
Theory Pract 2012;28:509-514. 
  
  61 
8 APPENDIX 
DESCRIPTION OF THE 
‘SOMATOSENSORY FOCUSED BALANCE TRAINING WITHOUT CUES’ 
 
AIM: To impose the use of cerebral somatosensory feedback (proprioception and touch) for 
maintaining balance. 
FRAMEWORK FOR THE TRAINING PROGRAM INTENTION: The integration of 
somatosensory feedback with the visual and vestibular feedback in balancing has been shown to 
be impaired in Parkinson’s disease: 
The idea was to perform challenging balance exercises with imposed focused attention on the 
somatosensory input for maintaining balance control. Participants were to perform balance 
exercises where vision was obstructed or distracted from contributing to balance control. Due to 
its complexity, vestibular input was not manipulated. In addition, all types of movement 
facilitators, for example external cues, were excluded. 
TRAINING PROGRAM CONTENT: Exercises were individually adjusted to be sufficiently 
challenging for every participant. Difficulties within each exercise were raised successively by 
narrowing the stance of support, changing from hard to moving support surface, blindfolding 
the eyes or by turning the head/body. Many exercises were performed in pairs. The training was 
supervised by a skilled and experienced physiotherapist. 
All photos are taken by Hjalmar Wåhlin. 
The people on the photos have given their written consent. 
 
EXAMPLES OF EXERCISES: 
 
Walking or jogging on the spot on a trampoline puts a great 
demand on the attention on somatosensory input. The timing 
and force have to be continuously adjusted according to the 
elasticity of the trampoline. This was an exercise that most of 
the participants found difficult and challenging. For those 
who were really skilled, the task was made more difficult by 
making sudden stops, balancing on one foot, before 
continuing again. 
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Balancing on a trampoline (a moving surface that imposes 
focused attention to somatosensory input) and at the same 
time rolling a ping-pong ball along the sides on a tray 
(distracting vision from maintaining balance). 
 
Walking heel to toe, keeping a ping-pong ball on a tray, 
while turning the upper body from side to side. 
 
 
 
Moving back and forth and sideways in the room keeping a 
ball in between each other’s chests, avoiding it from falling 
down. You need to focus on the somatosensory input to keep 
the right amount of pressure on the ball while moving. The 
challenge gets even higher if you close your eyes, or if you 
put the ball in between your backs instead. 
 
Having a tug of war with a rope forces you to pay attention 
and respond to the pull you get from the other part by a hold 
or pull back. When you pull your partner towards you, an 
intricate somatosensory feedback from feet and body is used 
to create the force.  
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Attempting to push each other off balance with a ball in between the chests, trying not to fall 
and not to let the ball drop into the ground. 
 
 
Standing on a trampoline on one leg, drawing circles in the air with the other leg. Those who 
dared, tried it with their eyes closed. 
 
Standing on air-filled cushions making squats, even more difficult with eyes closed. For those 
who found that too difficult, the same task was performed on foam squares.  
